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Box No, I Basis of the report 

1 . With regard to the language, this report is based on the international application in the language in which it was 
filed, unless otherwise Indicated under this item. 

□ This report is based on translations from the original language into the following language , 
which is the language of a translation furnished for the purposes of: 

□ international search (under Rules 12.3 and 23.1 (b)) 

□ publication of the international application (under Rule 12.4) 

□ international preliminary examination (under Rules 55.2 and/or 55.3) 

2. With regard to the elements'^ of the international application, this report is based on (replacement sheets which 
have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this 
report as "originally filed" and are not annexed to this report): 



Description, Pages 



1-3 as originally filed 

4-1 6 received on 1 6.05.2005 with letter of 1 6.05.2005 
Claims, Numbers 

1 -26 received on 1 6.05.2005 with letter of 1 6.05.2005 
Drawings, Sheets 

^B~5B as originally filed 



□ a sequence listing andtor any related tabie(s) - see Supplemental Box Relating to Sequence Listing 

3. □ The amendments have resulted in the cancellation of: 

□ the description, pages 

□ the claims, Nos. 

□ the drawings, sheetsyfigs 

□ the sequence listing (specify): 

□ any table(s) related to sequence listing (specify): 

4. □ This report has been established as if (some of) the amendments annexed to this report and listed below 
had not been made, since they have been considered to go beyond the disclosure as filed, as indicated in the 
Supplemental Box (Rule 70.2(c)). 

□ the description, pages 

□ the claims, Nos. 

□ the drawings, sheetsyfigs 

□ the sequence listing (specify): 

□ any table(s) related to sequence listing (specify): 

* If Item 4 applies, some or all of these sheets may he marked "superseded, " 
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Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-9,11-16,24-26 




No: 


Claims 


10,17-23 


Inventive step (IS) 


Yes: 


Claims 


1-9,11-16 




No: 


Claims 


10,17-26 


Industrial applicability (lA) 


Yes: 


Claims 


1-26 




No: 


Claims 





2. Citations and explanations (Rule 70.7): 
see separate sheet 



Box No. VIII Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Re item V 

Reasoned statement with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Reference is made to the following documents: 
D1 : US-A-5 325 037 (JEONG JAE H) 28 June 1 994 
D2 EP-A-0 312 686 (GULTON IND INC) 26 April 1989 
D3: US-A-5 450 521 (R W REDLICH) 12 September 1995 

The present application does not meet the criteria of Article 33(1) POT, because the 
subject-matter of claims 10, and 17-23 is not new in the sense of Article 33(2) PCT and 
because the subject-matter of claims 24-26 does not involve an inventive step in the sense 
of Article 33(3) PCT. 

V.I The document D1 discloses a method/system comprising : 

- a motor (s. fig. 3, BM2), fed by a total voltage (VC) controlled by an electronic control 
central (4), the total voltage being proportional to a network voltage, 

- the electronic control central comprises a voltage detection circuit (s. fig. 4) detecting the 
network voltage, comprising a first detection circuit (s. fig. 4, OP1) and a second detection 
circuit (s. fig. 4, TR1); 

- the electronic control central making a first and second network voltage measurement at 
a first and a second moments of measurement, the two moments of measurements being 
different, and at a first and a second voltage network level (s. fig. 5, zero cross + reference 
voltage); 

- the second voltage detection circuit (TR1) being a comparison circuit generating a square 
wave having a transition moment when the second level of voltage has been reached is 
generated (see fig. 5 curves (c) and (d) and fig. 4, col. 4, 1. 58-68); 

- the electronic control central calculates the value of the network voltage measured in 
function of the measurement time being the lag time between the first and second 
moments of measurement (see fig. 5: T1 , T2 and T3) and obtains a value of a proportional 
network voltage (measured voltage), compares the lag time with a pre-established time 
(T2) and alters the value of the total voltage proportionally to the value of the proportional 
network voltage (s. col. 5, 1. 20-22). 
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Moreover the voltage detecting circuit (9) measures the network voltage at established first 
(zero crossing) and second (reference voltage, s. fig. 5) levels of voltage and the electronic 
control central includes a tinne counting device (microprocessor) that compares the lag 
time (T1 , T2, T3) with a pre-established time (T2) and alters the total voltage 
proportionally, wherein the total voltage is increased when the lag time is longer than the 
pre-established time and the total voltage is decreased when the lag time Is shorter than 
the pre-established time (T2) 



V.2 The subject-matter of claim 1 differs from the method of D1 in that the total voltage is 
altered in function of the difference between the value of a proportional network voltage 
calculated in a present cycle of the network voltage and the value of the proportional 
network voltage calculated in the previous cycle of the network voltage. 

This feature is neither known nor rendered obvious from any available prior-art and solves 
the problem of providing an altemative solution to the solution of D1 where the total 
voltage is altered in function of a difference between a calculated value and a constant 
predetermined value (T2). 

Thus the subject-matter of claim 1 is new and inventive in the sense of Article 33(2) and 
(3) PCT. 

V.3 Since all features of claims 10 and 17-23 are known from D1 (see item V.I .1 above), 
the subject-matter of claim 10 and of claims 17-23 Is not new. 

V.4 Since claims 1 1 and 12 contains the characterizing feature of claim 1 (see item V.2 
above) or a corresponding feature, the subject-matter of claims 1 1 and 12 is new and 
involves an inventive step in the sense of Article 33(3) PCT. 

V.5 When looking for a solution for providing a constant energy amount to the compressor 
of D3 despite fluctuations in the AC voltage the person skilled in the art would contemplate 
the possibility of implementing the teaching of D1 and he would then arrive to a system 
according to claims 24-26 without exercise of inventive skill. 
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Thus the subject-matter of claims 24-26 does not Involve an Inventive step In the sense of 
Article 33(3) PCT. 

Re Item VMI 

Certain observations on the international application 

VIII.1 Although claims 1 and 1 0 have been drafted as separate Independent claims, they 
appear to relate effectively to the same subject-matter and to differ from each other only 
with regard to the definition of the subject-matter for which protection Is sought and In 
respect of the terminology used for the features of that subject-matter. The 
aforementioned claims therefore lack conciseness and as such do not meet the 
requirements of Article 6 PCT. 
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eluding whether the voltage level applied to the motor should be al- 
tered or not; 

• Controlling the stroke of the piston of a linear connpressor, allowing the 
piston to advance as far as the end of its mechanical stroke, even un- 

5 der conditions of extreme load, without allowing the piston to collide 

against the cylinder top. even in the presence of external disturbances 
from the energy feed network; 

• Controlling the stroke of the piston of a linear compressor, preventing 
oscillations in the maximum displacement of the piston, which impair 

10 the efficiency of the compressor, for any operation capacity of the 

compressor, even in the presence of extemal disturbances from the 
energy feed network; 

• Implementing a simple solution for industrial-scale production. 

These objectives are achieved by means of an electric motor 
15 movement controlling method, the electric motor being fed by a total voltage 
proportional to an altemate network voltage, the method comprising the steps 
of: making a first measurement of level of the network voltage at a first mo- 
ment of measurement; making a second measurement of level of the network 
voltage at a second moment of measurement; calculating the value of the 
20 derivative of the voltage values measured in function of the first and second 
moments of measurement, to obtain a value of a proportional network volt- 
age; and altering the value of the total voltage fed to the motor, proportionally 
to the value of the proportional network voltage, the total voltage being al- 
tered in function of the difference between the value of a proportional network 
25 voltage calculated in a present cycle of the network voltage and the value of 
the proportional network voltage calculated in the previous cycle of the net- 
work voltage. 

The method further comprises steps of altering the value of the 
total voltage in function of the difference between the value of the propor- 
30 tional network voltage calculated in a present semi-cycle of the network volt- 
age and the value of the proportional network voltage calculated in the previ- 
ous semi-cycle of the network voltage. 
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A further objective of the present invention is achieved by nneans 
of an electric motor movement controlling method, the electric motor being 
fed by a total voltage proportional to an alternate network voltage, the 
method comprising the steps of: measuring the network voltage at a first 
5 moment of measurement and at a first level of the network voltage: measur- 
ing the network voltage at a second moment of measurement and at a sec- 
ond level of tiie network voltage, the first level of the network voltage and the 
second level of the network voltage having different levels of voltage the sec- 
ond moment of measurement being different firom the first moment of meas- 

10 urement; generating a square wave having a transition moment when the 
second level of voltage has been reached; measuring a lag time between the 
between the occurrence of the first level of the networi< voltage at the first 
moment of measurement and the transition moment at the second moment of 
measurement, comparing the lag time with a pre-established time; altering 

15 the value of the total voltage proportionally to the value of the proportional 
network voltage. 

Still a furUier objective of the is achieved by means of an electric 
motor movement controlling system, the system comprises an electronic con- 
trol central, the electric motor is fed by a total voltage controlled by the elec- 

20 tronic control central, the total voltage being proportional to an altemate net- 
work voltage, the electronic control central including a voltage detecting cir- 
cuit that comprises a first voltage detecting circuit that detecte a first level of 
the network voltage and a second voltage detecting circuit that detects the 
second level of the network voltage and the electronic control central being 

25 arranged to measure the first level of the network voltage at a first moment of 
measurement and the second level of the network voltage at a second mo- 
ment of measurement, the second voltage detecting circuit being arranged to 
signal the passage of the level of the network voltage at the second level of 
voltage through a voltage comparator, the voltage comparator generating a 

30 square wave having a transition moment, the lag time being measured be- 
tween the occurrence of the first level of the network voltage and the transi- 
tion moment, the electronic control central being arranged to calculate the 
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value of the values of the network voltage measured in function of the meas- 
urement times measured and obtain a value of a proportional network volt- 
age, the electronic control central being arranged to alter the value of the to- 
tal voltage to a value of corrected total voltage, proportionally to the value of 
5 a proportional network voltage. 
Brief Description of the Drawings 

The present invention will now be described in greater detail with 
reference to an embodiment represented in the drawings. The figures show. 

- Figure 1 is a block diagram of the system of the present inven- 
10 tion, illustrating the respective interconnection upon application to a com- 
pressor and a cooling system; 

- Figure 2 is a block diagram of the system of controlling the 
movement of a piston according to the present invention upon application to 
a linear compressor; 

15 - Figure 3 is a block diagram of the algorithm for control of the 

system for controlling the movement of a piston of the present invention; 

- Figure 4 illustrates the control network of the system of control- 
ling the movement of a piston of the present invention; 

- Figure 5 is an electric diagram of a voltage-detecting circuit us- 
20 ed in the system of the present invention; 

- Figure 6 shows a graph of an input and output signal of the 
generator by the voltage-detecting circuit, for various levels of input voltage 
(nominal volteige, nominal voltage + 10%, nominal voltage - 10%); 

- Figure 7 shows a graph of the lag time of the output signal of 
26 the voltage-detecting' circuit in function of the variation of the network voltage; 

- Figure 8 illustrates the points where the network voltage is 
measured according to the teachings of the present invention; 

- Figure 9 illustrates two different situations of network voltage, 
and the points of measurement made; and 

30 - Figure 1 0 illustrates a particular situation where the teachings of 

the present invention are applied. 
Detailed Description of the Figures 
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The present invention relates to a system, as well as a method of 
controlling an electric motor, being particularly applicable for controlling 
movements of a piston in a linear compressor 

As can be seen in figures 1 and 2, the system of controlling 
5 movements of a piston according to the present invention comprises an elec- 
tronic control 12, which monitors a network voltage Vac and controls a total 
voltage Vj applied to an electric motor that drives a compressor 14, which 
may be applicable to a cooling system 15. 

The electronic control 12, comprises an electronic control central 
10 10 which, by means of a gate circuit 21 controls the conduction time of a 
switch set 1 1 (preferably TRIACs), to control the total voltage level Vj. 

In figure 2, one can see that the control system of the present 
invention comprises, associated to the electronic control central 10, a voltage 
detecting circuit 50, which is electrically connected to the network voltage 
15 Vac. so that the respective value will be measured before its level is con*' : 
trolled by the switch set 1 1 . 

With this configuration the electronic control central 10 can con- 
trol the level of the total voltage Vt applied to the motor, proportionally to the 
level of the network voltage Vac> and thereby prevent the occunrence of an 
20 overvoltage or undervoltage in the feed network, that might cause the com- 
pressor 14 to behave in an unexpected way* 

In order to implement the use of the system and monitor the net- 
work voltage Vac and thus decide whether to interfere or not in the level of 
the total voltage Vj, one should implement the control algorithm illustrated in 
25 figure 3, according to the control network illustrated in figure 4. 

As can be seen in figure 3, the value of the total voltage Vj com- 
prises the sum or subtraction of a value of a piston voltage Vp and a correc- 
tion voltage Vv from the equation: 

Vt^Vp±Vv. 

30 The value of the piston voltage Vp is obtained from the values 

supplied by an external device, for example, a reference signal REF, which 
may indicate to which extent the compressor piston should be moved, espe- 



m 
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daily in the cases where the teachings of the present invention are applied 
on linear compressors, since In the latter the cooling capacity will depend 
upon the excursion amplitude of the respective piston. The value of the refer- 
ence signal may be a DC level transmitted to the electronic control device 10. 
5 In this way, and position of reference DPref of the piston is established. 

Another variable necessary to establish the value of the piston 
voltage Vp is obtained by calculating the maximum desirable excursion point 
which the piston should advance without the risk of the latter colliding at the 
respective stroke end. Preferably, the value of the piston voltage Vp is ob- 

1 0 tained by storing the value of the piston voltage Vp of the previous cycle. The 
value of maximum displacement DPmax should, therefore, be previously es- 
tablished based on the characteristics of the compressor 14. 

Once the values of reference displacement DPref and maximum 
displacement DPmax have been obtained, the value of the piston voltage Vp 

15 can be obtained, since the latter Is a function of the difference between the 
values obtained, that is to say, between the calculated error Edp. 

The other component of the total voltage Vt, the value of the cor- 
rection voltage Vv, will be obtained according to the teachings of the present 
invention, by comparing the value of the network voltage Vac with a previ- 

20 ously established value to conclude that there is a need for correction of the 
respective value, that is to say, the value of the correction voltage Vv will be 
the difference itself between the voltage expected to be read and the network 
voltage Vac- In this way, in the cases where the value of the network voltage 
Vac is within the expected limits, the value of the correction voltage Vv will be 

25 null, since there is no need to alter the value of the network voltage Vac- 

As can be seen in figures 8 and 9, this measurement principle is 
carried out by adopting a fixed value of voltage Vo (or established voltage 
level Vo) and counting the required time for the network voltage VAC to reach 
this level. This, In reality, is the same as measuring the derivative of the net- 

30 work voltage Vac close to zero, to estimate the value of the network voltage. 

Putting this into equations, the following conclusion is reached: 
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f dV ^ dV 
= f \ — 2. 1 Vac being proportional to — " 
\dt ) 5.0 



'AC-' I Vac being proportional to 



For constant dVo : 



Vac 



■ii] 



Vac is inversely proportional to dto 



For constant dVo: 



VaC2 



^ACl 



^ACl 



10 



Thus, one may conclude that the value of the above demon- 
strated network voltage Vac may be calculated on the basis of the established 
voltage level Vo and by taking as a reference the value Vaci and Vac2 illus- 
trated In figure 9. In this way, by taking, for instance, the value of Vaci as a 
15 reference, one may conclude that the value Vac2 would be below the level of 
network voltage Vac desired for a determined application, and the value of 
the total voltage Vt should be corrected. The value Vac taken as a reference 
will be the value of voltage of the previous cycle or the mean of the previous 
cycles, which results in that the value of the voltage taken as a reference will 
20 not be constant, since the objective is to correct an oscillation of a cycle of 
the network for the next cycle. 

As demonstrated above, considering that for a constant voltage 
level by adopting the established voltage level Vo equal for the two meas- 
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* 

ures, thus having constant aVb, it is sufficient to nneasure only the tinne 
passed between two points measured by the voltage detecting circuit 50 and 
to detect which is the real voltage level from an equation or table of values. 

In order to reach the voltage value necessary to correct the total 
5 voltage Vt, the value of the correction Vv should be obtained, which, in prac- 
tice, will be a proportional network voltage Vac : on the other hand, the re- 
spective value will be directly related to the value of the input voltage Vac- In 
the same way as explained above, the value of the network voltage Vac 
should be obtained from measurements of the previous network voltage Vac. 
10 or from the mean of the measurements of the previous network voltages Vac- 

Mathematically, the value of the proportional network voltage 
Vac is reached by the following operation: 




15 As can be seen from the equation, the value of the proportional 

network voltage Vac is obtained by means of the derivative of voltage values 
obtained in function of the time passed between the measurements. 

In order to implement such an equation in practice, it is enough 
to carry out two measurements of voltage and two measurements of time, as 

20 exemplified in figure 10, so that one can proceed with the respective deriva- 
tive, that is to say, one should preferably measure the network voltage Vac at 
a first moment of measurement tio to define a first measurement of level Vto 
and then measure the network voltage Vac at a second moment of meas- 
urement t2o, defining a second measurement of level Vi2o- 

25 Once these values have been obtained, one proceeds with the 

equation below: 

that is to say, by subtracting from the first and second measurements of level 
30 Vno, Vt2o and dividing the result by the subtraction of the values of the first 
and second moments of measurement t1o» t2o, and the value 8t is obtained 
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by subtracting the values of the first and second moments of measurement 
tlo, t2o. 

From this control algorithm the readings of the Input voltage 
should be stored at every semi-cycle of the network voltage Vac and com- 
5 pare the present reading with the previous one (or with the previous ones), 
and alter the value of the output to compensate for the network voltage Vac. 
thus preventing a variation in the maximum piston displacement from occur- 
ring, since this variation might lead to a mechanical Impact of the piston with 
the (^iinder top or to a loss of efficiency of the system. 

10 For instance, one may opt for carrying out a number of meas- 

urements on different cycles of network voltage Vac and store the obtained 
values in the electronic control central 10, carrying out the derivative of the 
obtained values subsequently in order to reach a value of the proportional 
network voltage Vac'. 

15 In order to implement the use of the concepts of the present in- 

vention, a method Is provided by which the network voltage Vac can be moni- 
tored and conclude that there is a need to make some adjustment in the level 
of the total voltage Vj. 

The method includes the steps of measuring the network voltage 

20 Vac at a first moment of measurement tlo, and designated such a measure- 
ment as first level measurement Vmq. 

Then the network voltage Vac should be measured at a second 
moment of measurement t2o. In the same way, the value of these measure- 
ments may be designated as a second level measurement Vt2o. 

25 Once these values are obtained as described above, the value of 

the derivative of the voltage values is calculated and measured in function of 
the measurement times t1o. t2o. to obtain the value of a proportional network 
voltage Vac' and. finally, alter the value of the total voltage Vt fed to the mo- 
tor proportionally to the value of the proportional network voltage Vac*. 

30 One of the ways of proceeding, in practice, with the step of ob- 

taining the value of the proportional network voltage Vac' may be by means 
of the following steps: 



A lag time to is measured between the occurrence of the meas- 
urement of the first moment of measurement t1o and the occurrence of the 
measurement of the second moment of measurement t2o. In this way, one 
can know which maximum level of the network voltage Vac is required In or- 
der to conclude that there is a need for correction In the value of the total 
voltage Vt. 

For this purpose, it is enough to compare the lag time to with a 
pre-established time tp. the latter being detemnined by the electronic control 
central 10. and one may proceed with the elevation of the total voltage Vt if 
the lag time to is longer than the pre-established time tp, or >Mth reduction of 
the total voltage Vt if the lag time to is shorter than the pre-established time 
tp. 

In practice, it is recommendable to consider the value of the pre- 
established time ip as the measurement of tiie lag time to of the previous cy- 
cle or the mean of the previous cycles. 

The simple comparison of the lag times to with the pre- 
established time tp is opted when the conditions are more appropriate for 
this, but one may carry out the above steps when the circuits used in the em- 
bodiment demand the need to proceed with the derivative described before. 

As far as the system for implementing the method of the present 
invention is concerned, it should comprise the electronic control central 10 to 
control the electric motor and the voltage detecting circuit 50 to measure the 
value of the network voltage Vac- 

As described in the method, the electronic control central 10 will 
make the first level measurement Vtio of the network voltage Vac at a first 
moment of measurement t1o, making the second level measurement Vtao of 
the network voltage Vac at the secorid moment of measurement t2o, and 
these measurements may be carried out as times goes by and as the cycles 
of the network voltage Vac take place. 

The derivative of the values of the network voltage Vac measured 
in function of the times of measurement tlo, t2o measured and the obtention 
of the value of the proportional networic voltage Vac' will be canied out by the 
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electronic control central 10. which, in function of the value of the network 
voltage Vac will alter the value of the total voltage Vt to a value of corrected 
total voltage Vj' to prevent the piston from going beyond the foreseen point 
and to prevent Innpacts. 
5 The voltage detecting circuit 50 should comprise the first voltage 

detecting circuit 51 to detect the first level of network voltage Vmi and the 
second voltage detecting circuit 52 to detect the second level of the network 
voltage Vm2. 

Preferably, the first voltage detecting circuit 51 is adjusted to 
10 measure the first level of network voltage Vmi at the time of the respective 
passage by a zero level (or zero of the voltage ZT) and the second voltage 
detecting circuit 52 to measure the second level of network voltage Vm2 be- 
tween the zero level of the network voltage Vac and the maximum level of the 
network voltage Vacm- In this way, two different measurements of level are 
15 obtained, and thus it is possible to proceed with the derivative of the meas- 
ured values. 

The lag time to is registered between the occurrence of the 
measurement of the first level of the network voltage Vmi and the occurrence 
of the measurement of the second level of the network voltage Vm2. These 

20 measurements are carried out by the voltage detecting circuit 50, which will 
transmit the respective occurrences to the electronic control central 10. A 
time counting device comprised in the electronic control 12 compares the lag 
time to with the pre-established time tp. and alters the total voltage Vj propor- 
tionally to the lag time to. The value of the total voltage Vt will be raised to a 

25 value of corrected total voltage Vt if the lag time to is longer than the pre- 
established time tp and reduced to a value of corrected total voltage Vt is the 
to is shorter than the pre-established time tp. When the value of the lag time 
to is equal to the pre-established time, it will not be necessary to make an 
alteration in the total voltage Vt, since, in this case, the network voltage Vac 

30 will be in ideal conditions. In other words, in these conditions, when the lag 
time to is null, the value of the total voltage Vt wilt be the value of the piston 
voltage Vp. 
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Within tlie teachings of the present invention, one can see in fig- 
ures 2 and 5 that the first and second voltage detecting circuits 51, 52 are 
directly connected to the networic voltage Vac, the respective outputs ZT and 
TR being fed to the electronic control device 10. 
5 The first voltage detecting circuit should preferably be configured 

as illustrated in figure 5, that It so say, a configuration where the zero level of 
the voltage ZT of the network voltage Vac is detected. In this case, the output 
ZT of this circuit will oscillate between 0 V and Vcc, which in the example of 
figure 6 is of 5V. a diffierence existing between the value of 5V and the read 

10 signal (see curve 55) due to the drop in voltage on the diode D1 (Scales 0.5 
V/div - 0.5 ms/div). In this way, the signal ZT may be directly Interpreted by 
the electronic control circuit 10. 

The second voltage detection circuit 52 comprises a voltage di- 
vider R2/R3, which lowers the level of the network voltage Vac to an adequate 

15 level to be processed by the electronic control central 10. This may be seen 
in the curves illustrated in figure 6, which correspond, respectively, to the 
measurements made with voltage levels of 242V (see curve 62), 220V (see 
curve 63) and 198V (see curve 64). these curves illustrating, respectively, a 
situation of Vac in overvoltage. expected voltage and undervoltage, and the 

20 value of the voltage VT should be mediated/corrected whenever there is os- 
cillation fifDm a cycle to arK>ther. 

A comparator 56 of the second voltage detecting circuit 52 will 
detect the passage of the level of the network voltage Vac by a point that is 
pre-determined and controlled by the reference voltage Vref, to signalize at 

25 the output TR that the reference voltage level has been reached. The result 
of this is the generation of square waves 62', 63' and 64', which correspond, 
respectively, to the values of the network voltage Vac measured. The com- 
parator 56 may be embodied, for instance, by using an operational amplifier 
or another type of equivalent device. 

30 The voltage comparator 53 will generate a square wave having a 

transition moment, the lag time to being measured between the occurrence of 
the first level of the network voltage Vmi and the transition moment. 

ail AMPwnpn .cjwfft 'soMsMot 
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This may be observed in figure 6, where the lag times toi. tD2, tos 
are illustrated, and which correspond to the examples of voltage at a level of 
242V (curve 62), 220V (curve 63) and 198V (curve 64), respectively. 

The voltage values measured by the first and second voltage 
5 detecting circuits 51 , 52 conrespond to the first level of the network voltage 
Vmi and to the second level of network voltage Vm2 described above, and are 
interpreted in the way foreseen in the method of the present invention. One 
can see, in this example, that the value of the first level of the network volt- 
age Vmi is equal to zero (see indication with reference 65 in figure 6). 

10 With respect to the first and second moments of measurement 

t1o, t2o, they will be registered from the moment of detection of the zero level 
of the voltage 2T and the detection of the reference voltage TR, and should 
be proceeded with the counting of the time between the respective occur- 
rences so that the lag time to is compared with the pre-established time tp 

1 5 and alter the total voltage VT proportionally to the lag time to. As can be seen 
in figure 6 (see indication 65), in this example, the value of the first moment 
of measurement t1o is equal to zero, and the pre-established time tp will be 
the mean of the defined time to of the previous c^de or the mean of the pre- 
vtous cycles. 

20 Another way to embody the voltage detecting circuit 50 may 

comprise, for example, instead of the fist voltage detecting circuit 51 operat- 
ing in conjunction with the second voltage detecting circuit 52. to detect the 
zero level of the voltage ZT and the reference level TR. a pair of circuits simi- 
lar to the second voltage detecting circuit 52. In this option, it is enough that 

25 the reference value of the comparator 56 can simply be adjusted at two dif- 
ferent levels, so that the measurement said first and second levels of the 
voltage Vmi, Vm2 can be made at the first and second moments of measure- 
ment t1o, t2o and proceed with the derivative of the measurements and find 
the proportional network voltage Vac'- 

30 As a further way of embodying the voltage detecting circuit 50 to 

obtain the values of the first and second levels of the voltage Vmi. Vm2 at the 
first and second moments of measurement t1o, t2o, one may foresee the use 

AMFMRFn .<^HFFT i tOM/^Od 



lPrinfed:X)1/O9/2O05j [pESpPAMp^ BF(p47377 

. *» 

15 

of a converter D/A. In this solution, the same measurements foreseen in the 
embodiments described above should be proceed, and the interpretation of 
the means made by the electronic control central 10 should be adapted, 
which will receive the digital number corresponding to the measurement 
5 made by the converter D/A. 

One of the ways of detecting which is the value of the network 
voltage Vac from the measurement of the first and second voltage levels Vmi« 
Vm2 is that one may opt for storing a table of values foreseen in the electronic 
control central 10 and from the value of the lag time to measured one can 
1 0 conclude which is the value of the network voltage Vac- 

Thus, the second table below may accompany the example of 

figure 7. 



VAcm 


to [ms] 


246 


2.36 


242 


2.63 


220 


3.00 


198 


3.57 


176 


5.00 



One can note, in this example, that the value of the pre- 



1 5 established time tp is of 3.00 ms and the lag time to varying between 2.36 
(characterizing overvoltage) and 5.00 (characterizing undervoltage). 

The control over the total voltage VT may be made together with 
the control over the piston voltage Vp, supplied by a piston position control. In 
this way, one can actuate at the same time with an internal control, for exam- 

20 pie, of a system involving a compressor with a control of the level of the net- 
work voltage Vac» complementing the systems and resulting in a much more 
efficient and safe control. 

Thus, with the teachings of the present invention, one prevents 
oscillations in the network voltage Vac from interfering with the situation of 

25 the electric motor, which, for instance, might cause mechanical collision of 
the piston with the top of the cylinder of the linear compressor, thus improv- 



^1 
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ing the reliability and the worlting life of the compressor, besides improving 
functioning stability of the compressor, preventing loss of efficiency caused 
by variation in the maximum displacement of the piston. 

A preferred embodiment having been described, one should un- 
5 derstand that the scope of the present Invention embraces other possible 
variations, being limited only by the contents of the accompanying claims, 
which include the possible equivalents. 
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CLAIMS 

1. An electric motor movement controlling method, the electric 
motor being fed by a total voltage (Vt) proportional to an alternate networi^ 
voltage (Vac). 

5 the method being characterized by comprising the steps of: 

- making a first measurement of level (Vtio) of the network volt- 
age (Vac) at a first moment of measurement (t1o); 

- making a second measurement of level (Vtao) of the network 
voltage (Vac) at a second moment of measurement (t2o): 

10 - calculating the value of the derivative of the voltage values 

measured in function of the first and second moments of measurement (tlo, 
t2o), to obtain a value of a proportional network voltage (Vac); and 

- altering the value of the total voltage (Vt) fed to the motor, pro- 
portionally to the value of the proportional networic voltage (Vac'), the total 

15 voltage (Vt) being altered in function of the difference between the value of a 
proportional network voltage (Vac) calculated in a present cycle of the net- 
work voltage (Vac) and the value of the proportional network voltage (Vac") 
calculated in the previous cycle of the network voltage (Vac). 

2. A method according to claim 1 , characterized in that the value 
20 of the total voltage (Vt) is altered in function of the difference between the 

value of the proportional network voltage (Vac) calculated in a current semi- 
cyde of the network voltage (Vac) and the value of the proportional network 
voltage (Vac) calculated in the previous semi-cycle of the network voltage 
(Vac). 

25 3. A method according to claim 2, characterized in that the value 

of the proportional network voltage (Vac) is obtained from the equation: 




wherein dVo is obtained by subtracting the first and isecond measurements of 
30 level (Vtio, Vtao). and the value of dt is obtained by subtracting ttie values of 
the first and second moments of measurement (tlo, t2o). 
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4. A method according to claim 2, characterized in that after the 
step of obtaining the value of proportional network voltage (Vac) one fore- 
sees a step of: 

- measuring the lag time (to) between the occurrence of the 
5 measurement of the first moment of measurement (t1o) and the occurrence 

of the measurement of the second moment of measurement (t2o): 

- comparing the lag time (to) with a pre-established time (tp); 

- altering the value of the total voltage (Vt) proportionally to a 
value of the proportional network voltage (Vac )> the value of proportional 

10 network voltage (Vac') being proportional to the lag time (to), when the lag 
time (to) is different from a pre-established time (tp). 

5. A method according to claim 4, characterized in that the pre- 
established time corresponds to the lag time (to) of the previous cycle of the 
network voltage (Vac). 

15 6. A method according to claim 5, characterized in that the in the ? 

step of altering the total voltage (Vt) the elevation of the total voltage (Vy) if 
the lag time (to) Is longer than the pre-established time (tp) is foreseen. 

7. A method according to claim 6, characterized in that In the 
step of altering the total voltage (Vt) the diminution of ttie toteil voltage (Vy) if 

20 the lag time (to) is shorter than the pre-established time (tp) is foreseen. 

8. A method according to claim 7, characterized in that the value 
of the total voltage (Vt) corresponds to a difference between the value of the 
piston voltage (Vp) and the value of the proportional network voltage (Vac). 
the value of the piston voltage (Vp) being previously established. 

25 9. A method according to claim 8, characterized in that the total 

voltage (Vt) feeds an electric motor of a compressor, the compressor com- 
prising a piston. 

10. An electric motor movement controlling method, the electric 
motor being fed by a total voltage (Vt) proportional to an alternate network 
30 voltage (Vac), the method tjeing characterized by comprising the steps of: 

- measuring the network voltage (Vac) at a first moment of meas- 
urement (t1o) and at a first level of the network voltage (Vmi); 
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- measuring the network voltage (Vac) at a second moment of 
measurement (t2o) and at a second level of the network voltage (Vm2). the 
first level of the network voltage (Vmi) and the second level of the network 
voltage (Vm2) having different levels of voltage; 

5 - the second moment of measurement (t2o) being different from 

the firet moment of measurement (t1 o); 

- generating a square wave having a transition moment when the 
second level of voltage (Vm2) has been reached; 

- measuring a lag time (to) between the between the occurrence 
10 of the first level of the network voltage (Vmi) at the first moment of measure- 
ment (t1o) and the transition moment at the second moment of measurement 
{t2o); 

- comparing the lag time (to) with a pre-established time (tp); 

- altering the value of the total voltage (Vr) proportionally to the 
15 value of the proportional network voltage (Vac)- 

11. A method according to claim 10, characterized in that the 
pre-established time (tp) corresponds to the lag time (to) of the previous cyde 
of a network voltage (Vac)- 

12. A method according to claim 10» characterized in that the 
20 pre-established time (tp) corresponds to a mean of lag times (to) of the previ* 

ous cycles of the network voltage (Vac). 

13. A method according to any one of claims 1 1 or 12, character- 
ized in that the value of the proportional network voltage (Vac ) is proportional 
to the lag time (to)- 

25 14. A method according to claim 13, characterized in that, in the 

step of altering the total voltage (Vj), it is foreseen to raise the total voltage 
(Vt) if the lag time (to) is longer than the pre-established time (tp). 

15. A method according to claim 14, characterized in that in the 
step of altering the total voltage (Vt), it is foreseen to lower the total voltage 

30 (Vt) if the lag time (to) is shorter than the pre-established time (tp). 

16. A method according to claim 15, characterized in that the 
value of the total voltage (Vt) corresponds to a difference between the value 

Aiv/iPMnirn QHPFT i^Cik/^S 
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of a piston voltage (Vp) and the value of the proportional network voltage 
(Vac ). the value of the piston voltage (Vp) being previously established, 

17. An electric motor movennent controlling systenn being charac- 
terized in that: 

5 the system comprises an electronic control central (10), 

the electric motor Is fed by a total voltage (Vr) controlled by the 
electronic control central (10), the total voltage (Vr) being proportional to an 
alternate network voltage (Vac). 

the electronic control central (10) including a voltage detecting 
10 circuit (50) that comprises a first voltage detecting circuit (51) that detects a 
first level of the network voltage (Vmi) and a second voltage detecting circuit 
(52) that detects the second level of the network voltage Q/m) and 

the electronic control central (10) being arranged to measure the 
first level of the network voltage (Vmi) at a first moment of measurement (tlo) 
15 and the second level of the network voltage QJmz) at a second moment of 
measurement (t20). 

the second voltage detecting circuit (51) being arranged to signal 
the passage of the level of the network voltage (Vac) at ^e second level of 
voltage (Vm2) through a voltage comparator (53), the voltage comparator (53) 
20 generating a square wave having a transition moment the lag time (to) being 
measured between the occurrence of the first level of the network voltage 
(Vmi) and the transition moment, 

the electronic control central (10) being arranged to calculate the 
value of the values of the network voltage (Vac) measured in function of the 
25 measurement times (t1oi t2o) measured and obtain a value of a proportional 
network voltage (Vac )• 

the electronic control central (10) being arranged to alter the 
value of the total voltage (Vt) to a value of conrected total voltage (Vr ). pro- 
portionally to the value of a proportional network voltage (Vac)- 
30 18. A system according to claim 17, characterized in that the first 

voltage detecting circuit (51) is adjusted to measure the first level of the net-- 
work voltage (Vmi) at the time of the respective passage by a zero level. 
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19. A system according to claim 18, characterized ion that the 
second voltage detecting circuit (52) is adjusted to measure the second level 
of the network voltage (Vwa). the second level of the networl< voltage (Vwa) 
being located between the zero level of the network voltage (Vac) and a 

5 maximum level of the network voltage (Vacm). 

20. A system according to claim 19. characterized in that the 
electronic control central (10) comprises a time counting device that com- 
pares the lag time (to) with a pre-established time (tp) and to alter the total 
voltage (Vt) proportionally to the lag time (to). 

10 21. A system according to claim 20, characterized In that the 

electronic control central (10) is arranged to generate a value of a propor- 
tional network voltage (Vac), value of voltage (Vac ) being proportional to the 
value of the lag time (to), and the electronic control circuit (10) is arranged to 
alter the value of the total voltage (Vt) to a value of corrected total voltage 

15 (Vt) proportionally to the value of the proportional network voltage (Vac*) 
when the lag time (to) is different from the pre-established time (tp). 

22. A system according to claim 21, characterized in that the 
electronic control central (10) is arranged to raise the value of the total volt- 
age (Vt) to a value of corrected total voKage (Vt ) if the lag time (to) is longer 

20 than the pre-established time (tif>). 

23. A system according to claim 27, characterized In that the 
electronic control central (10) is arranged to lower the value of the total volt- 
age (Vt) to a value of corrected total voltage (Vt) if the lag time (to) is shorter 
than the pre-established time (tp). 

25 24. A system according to claim 23, characterized in that the total 

voltage (Vt) feeds an electric motor of a compressor, the compressor com- 
prising a piston, 

the electronic control central (10) comprising a value of defined 
voltage (Vp). the defined voltage (Vp) being proportional to an error (Eop) be- 
30 tween a reference displacement position (DPref) and a maximum displace- 
ment (DPmax) of the piston, 

the reference displacement position (DPref) being proportional to 
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the position of the piston in the compressor, and 

the maximum displacement (DPmax) being proportional to a de- 
sirable displacement of the piston in the compressor. 

25. A system according to claim 24, characterized in that the sig- 
5 nal generating circuit (50) comprises a D/A converter. 

26. A compressor having a system characterized by comprising a 
system such as defined in claims 17 to 25. 



